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(54) A coupling member for coupling an ink-jet recording head to an ink cartridge wherein a filter arrangement 
is contained within the coupling member 

(57) A coupling member capable of coupling an ink-jet recording head (6) to an ink cartridge (20) is disclosed 
wherein a filter member (32) is arranged in an ink supply channel so that the area of the filter member (32) is 
greater than the cross-sectional area of an upper throughhole (15) and/or a throughhole (14) so as to assist in 
the smooth flow of ink without disruption from the ink cartridge (20) through a second filter member (31 ) ( a 
throughhole (27), an ink supply needle (16) and throughholes (15,14) to the recording head (6). Several other 
inventions relating to ink-jet printers are disclosed, in particular arrangements for making the mounting of ink 
cartridges onto ink supply needles easier than at present (see Figures 13 and 15). 

FIG. 2 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 

This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1995 
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FIG. 2 





MSOOC1D: <G8 2299785A I > 



3/13 



FIG. 3(a) 




FIG. 3(b) 




ISDOCID: <G8 2299786A__I_> 



4/13 

FIG. Ufa) 
FIG U(b) 
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FIG. 7(a) 




FIG. 7(b) 
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FIG. 8(a) 
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FIG. 9(a) 




FIG. 9 (b) 
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FIG. 12(a) 




FIG. 12(b) 
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FIG. 13(a) 




FIG. 13(b) 
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FIG. 15(a) 
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INK-JET RECORDING APPARATUS 



JSDOCID: <GB 2299786A__I_> 



The present invention relates to an ink-jet recording 
apparatus which ejects ink droplets from nozzles to write a 
recording image such as characters on a recording medium, and 
more particularly to a structure of an ink supply channel for 
introducing ink from an ink storage tank to an ink- jet 
recording head . 

At. ink- jet recording apparatus which ejects ink 
droplets from r.ezrle openings to print characters and images or. 
a recording medium is provided with a filter plate between an 
ink tank and a recording head in order to eliminate dust 
particles and cubbies in ink. 

However, as the number of nozzle openings rroviced in 
= recording head is increased to 54 and further to 125 :or 
improving the resolution cf printed images to permit a larger 
amount of ink to flew from the ink tank to the recording head, 
larger head losses are induced by the filter plate for 
preventing foreign substances from flowing into the recording 
head, whereby supply of ink to the recording head cannot catch 
'-? tb. an amount cf ink consumed for recording. 

To solve the problem as mentioned above, the opening 
nrsa of the filter plate need be increased to reduce a fluid 
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resistance of the filter piate. However, this resolution would give rise to another 
problem of causing an uneven flow of ink through the filter plate, stagnated bubbles, and 
eventually a degraded printing quality. 

The present invention has been made in view of the problems mentioned above, 
and its object is to provide an ink-jet recording apparatus which is capable of maximally 
reducing a channel resistance and of uniformly passing ink through a whole filter plate. 

Another object of the present invention is to provide an ink-jet recording 
apparatus which is capable of reducing a mounting force required to mount a cartridge to 
the ink-jet recording apparatus. 

According to one aspect of the present invention there is provided an ink-jet 
recording apparatus comprising: an ink cartridge for storing ink; an ink-jet recording 
head for ejecting the ink: an ink supply channel connecting the ink cartridge and the ink- 
jet recording head, the ink supply channel having a portion inclined in relation to the 
horizontal direction formed in the middle of the ink supply channel: and a filter plate 
placed so as to diagonally traverse the inclined portion. 

According :o another aspect of the present invention, there is provided a coupling 
member for coupling an ink-jet recording head to an ink cartridge, the coupling member 
having a body with a plurality of ink supply channels formed therein, each of said 
channels terminating at one end thereof in an ink supply needle formed on said body, the 
ink supply needles, in use. engaging with supply pons of the ink cartridge to supply ink 
to the recording head, wherein the ink supply needles are arranged such that the 
resistance which occurs when each needle engages each supply port occurs at different 
times for different ones of the needles. 
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Fig. 1 is a diagram illustrating one embodiment of an 
ink-jet printer to which the present invention is applied; 

Fig. 2 is a cross-sectional view illustrating one 
embodiment of an ink supply channel connecting an ink cartridce 
with a recording head used in the printer of Fig. 1 ; 

Figs. 3(a) and 3(b) illustrate enlarged views of the 
vicinity c: a second filter plate placed in an ink supply 
channel in the printer; 

Figs. 4(a) to 4(c) illustrate enlarged cross-sectional 
views of one embodiment of filter plates and an eniaraed view 
of an unwoven fabric; 

Fic. 5 is an exploded perspective view illustrating one 
embodiment :: a recording head; 

Fic. 6 is a cross-sectional view illustrating an 
embodiment of ink supply channels which are applied to the 
recording head of Fig. 5; 

Figs. "(a) and 7(b) are a cross-sectional view 
11 lustra tine in ar. enlarged view the vicinity of the filter 
plate in the ink supply channel shown in Fig. 6, and a top plan 
view illustrating the structure of a filter chamber on the 
holder side, respectively; 

Figs. 8(a) to 8(c) are a cross-sectional view 
illustrating one embodiment of ink supply channels suitable for 
supplying ink from a single ink supply needle to a number of 
coi7uv.cn ink chambers, and a top plan view and a crcs s - sec t iona 1 
vie,.- illustrating the structure of a lower filter chamber; 
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Figs . 9(a) and 9(b) are a cross-sectional view 
illustrating another embodiment of the ink supply channels and 
a top plan view illustrating the structure of the channels on 
the filter chamber side; 

Fie. 10 is a diagram illustrating another embodiment of 
the channel structure in a positional relationship between an 
ink suoply needle and throughholes communicating with a 
recording head tc form ink channels; 

Fig. 11 is a diagram illustrating another embodiment of 
the channel structure in a positional relationship be -ween an 
ink succiv needle and throughholes communicating with a 
recording head to form ink channels; 

Figs. 12 (a) and 12(b) are a perspective view and a 
cress-sectional view respectively illustrating the structure in 
the vicinity of a cartridge holder and a recording head, 
removed from a carriage, ir. a recording apparatus using light 
and cee: ecler ink; 

Figs. 1 2 . a ant 1 2 .; b ; are a cross -sec tiona 1 view 
illustrating the structure of the head frame and a toe oian 
view of the same except for ink supply needles; 

Figs. 1 4 •; a ;. and 14 (b; are a top plan view and a cross- 
sectional view of a channel , taken as an example, illustrative 
one embodiment of a channel which connects an ink supply needle 
tc an ink introducing port c: a recording head; 

Figs. 1 5 f a ;. and 1 z : b } are diagrams respectivelv 
illustrating a state in which an ink cartridge is being 
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mounted; and 

Fig. 16 is a cros s -sectional view of a channel, taken 
as an example, illustrating another embodiment of a channel 
which connects an ink supply needle to an ink introducino port 
of a recording head 



The preset: invention will hereinafter be described in 
connection with several embodiments thereof which are 
illustrated in detail in the accompanying drawings. 

Fig. 1 illustrates an ink-jet printer which is crovided 
with an ink- jet head unit according to the present invention, 
wherein reference numeral i designates a carriace which is 
supported cy a guide member 2, connected to a s teo motor 4 
through a timing belt 3, and mounted for reciprocal movement in 
parallel wi t h a platen 5 . 

The cartridge 1 is equipped with an ink-jet recording 
head 6, liter described, removably mounted on its lower surface 
and a printing unit 7 also removably mounted on its upper 
surface. The recording head 6 is supplied with a drivinc 
signal thrcuch a flexible cable 8. Further, in the drawing, 
reference numeral 9 designates a recording sheet and 10 
designates a capping means for sealing the recording head when 
printing is not performed. 

7Lz. 2 illustrates one embodiment of the printinc unit 
mentioned above which comprises a holder 11 mounted on the 
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cartridge 1 and an ink cartridge 20 accommodated in the holder 
11. The ink- jet recording head 6 is positioned on a surface of 
the holder 11 opposite to the recording sheet 9, i.e.-, on the 
lower surface in the embodiment . 

The recording head 6 is connected through a flexible 
cable 13 to a terminal plate 12 which provides removable 
electrical connection v;ith terminals, not shown, on the 
cartridge connected to the flexible cable 6 of the printer 
body . 

An ink cartridge 20 has its inner space partitioned by 
a wail 21 into two regior.s , i.e., an ink chamber 22 for storing 
ink as it is and a foam chamber 24 filled with a porous foam 
material 23, such that these two chambers, communicate with. each 
other by way of a throughhole 25 bored through a lower portion 
of the wail 21 . 

On the bottom of the foam chamber 24, a protrusion 25 
is formed for urging the bottom of the foam material 25, and a 
throughhole 27 is formed through the protrusion 25 for defining 
an ink supply channel. The protrusion 25 is further provided 
with a first filter plate 2 1 on the top thereof and with an ink 
supply port 28 for receiving an ink supply needle 15 on the 
bottom thereof, later described. 

The holder II is provided with the ink supply needle 15 
implanted on its bottom. The ink supply needle 15 has the tip 
formed 1 n a needle shape tc allow an insertion into a packing 
30 through a seal 2? which seals the ink supply po:: 23 cf the 
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ink cartridge 20. Also, a lower end surface of the ink supply 
needle 16 is formed with a throughhole 15 connected to an ink 
channel 14 communicating with the recording head 6. 

In this embodiment, a filter chamber 33 having a second 
filter plate 32 as illustrated in Figs. 3(a) and 3(b) is formed 
betv/een the lower end of the ink supply needle 16 and the 
throughhole 14 communicating with the recording head 6 in the 
middle of the ink supply channel as mentioned above. 

The first filter plate 31 is formed of sintered unwoven 
fabrics 40, 41 made of stainless steel wires all having a 
diameter of approximately 5 j-im, i.e., finer steel wires havinc 
a diameter 1/10 smaller than that of steel wires usee for 
twilled filters. The first filter plate 31 is added to a mount 
25a on the protrusion 26 so as to cover the throughhole 27 
communicating with the ink supply port 13. 

Among these unwoven fabrics 40, 41, the firs:: unwoven 
rabric 40 located on the recording head 6 sice is formed as an 
unwoven fabric which has a small thickness and a sufficiently 
p.2.cn void ratio so as to orovide a filter which has a small 
mesa size and a lowest possible channel resistance, in ,c:her 
worts, a filter which exhibits a small dynamical pressure loss, 
~.e., a lew channel resistance, when ink is supplied to the 
recording head, and a highest possible meniscus magnitude. The 
second unwoven fabric 4 1 laminated on the inside of the unwoven 
iaDr -'- 40 is formed as an unwoven fabric which, although a 
partic-j iariy high meniscus magnitude is not required, has a 
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sufficient thickness to reinforce the first unwoven fabric 40 
and a lowest possible channel resistance. 

The second filter plate 32 placed to cover the 
throughhole 14 communicating with the recording head 6 is 
implemented by a sintered unwoven fabric made of stainless 
steel wires having a diameter of approximately 5 urn, as 
illustrated in Fig. 4(b), similarly to the first unwoven fabric 
4C located on the ink cartridge 20 side. 

The second filter plate 32 is formed as an unwcver. 
fabric which has a small thickness and a sufficiently high void 
ratio so as to pre v ice a filter which has a small mesh site ar.d 
= lewest possible channel resistance, in other words, a filter 
whizh exhibits a small dynamical pressure loss, i.e., a lev.- 
z h a r. r. e 1 resistance, when ink is supplied tc the recording head, 
and a highest possible meniscus magnitude. 

Since the second filter plate 32 has one side protectee 
. by i head frame i la cf the recording head i and the other sice 
protectee by z'r.e ink supply needle 16, the second filter plate 
51 toes not require a reinforcement such as the unwoven fabric 
41 for the first filter 31. However, the provision cf a 
:^::.:cr::nc unwoven fabric to the second filter plate 32, as 
the first filter plate 21, will enhance its shape retention, 
tnus facilitating the mounting of the second filter piate 32. 

As described above, the first filter piate 31 itself 
has a sufficient mechanical strength and hence the shape 
retention, sc ;:.a; i z car. be readily mounted. Moreover, since 
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the first filter plate 31 has a high meniscus magnitude in 
comparison with its low channel resistance, it filters out 
solid particles and so on and does not allow bubbles to pass 
therethrough until ink held in the foam material 23 is almost 
used up during printing, so that ink can be smoothly supplied 
to the recording head 6. 

While the foam material 23 is compressed by the 
protrusion 26 to enhance a capillary force near the protrusion 
26, the foam material 23 may be pressed by providing the first 
filter plate 31 with a mere sufficient mechanical strength. 

The second filter plate 32, with its characteristic, 
i.e., a lew channel resistance, allows ink supplied from the 
ink cartridge 20 to smoothly flow into the throughhole 14 on 
the nozzle side, while further filtering out solid particles 
remaining in the ink to eliminate clogging of the recording 
head 5 . 

In the embodiment, when ink is consumed by the 
re c ore i r.c r.ead £ for printing, ink absorbed in the foam 
materia^. 22 in the cartridge 20 is drawn cut by the recording 
head 6, flows into the ink supply needle 16 through the first 
ziiter plate 31 and the throughhole 27, and then f lows into the 
filter chamber 33 by way of the ink supply channel 15. 

Since the filter chamber 33 has a cross-sectional area 
substantially equal to the area of the ink supply port 15, ink 
news ir.tc the recording head 6 through the throughhole 14 
without decreasing the flow rate. 

I 
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Since the second filter plate 32 is arranged to 
diagonally traverse the filter chamber 33, the filter plate 32 
is ensured to have a sufficiently large opening area, so that 
it reduces a fluid resistance due to the filter plate 32 to a 
lowest possible value and accordingly suppresses a head loss. 
Also, since the filter plate 32 itself forms a high meniscus 
magnitude in comparison with a low* channel resistance, it 
filters out sciid particles and so on during printing, and does 
not permit bubbles to pass therethrough until ink held in the 
z oe-- materia 1 22 is almost used up, so that the ink is smoothly 
supplied ::■ the recording head 6 . 

Ir. accition, since ink flews substantially uniformly 
through the whole surface of the second filter plate 32, no 
stagnation will occur on the filter plate 32, and ink flows 
into the recording head 5 after dust particles and bubble 
included in one ink have been removed by the filter plate 32. 

In some instances, an ink- jet recording head may be 
formed v;ith a plurality of columns of nozzle openings, for 
improving the ::: forming density, wherein each nozzle opening 
oclumn is _nceoenoen t iy creviced with a common ink chamber, and 
these nozzle opening columns are shifted by cne-half of the 
pitch cf the nettle openings each other to form a staggered 
arrangement . 

^ic. : illustrates one embodiment cf an ' ink- jet 
recording heai as mentioned above, wherein reference numeral 50 
designates = pressure generating chamber forming beard which is 
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provided with two columns of pressure generating chambers 51, 
52 and has one surface sealed by a vibration plate 53. The 
vibration plate 53 is provided on its surface with individually 
separated lower electrodes 54, 55 corresponding to the pressure 
generating chambers 51, 52. ?iezo-elec trie vibrators 56, 57 
are formed on the surfaces of the electrodes 54 , 55 , and an 
upper electrode 58 is formed overlying the plurality of piezo- 
electric vibrators 56, 57. 

Reference numeral 59 designates a fixed board which has 
a function of fixing an actuator unit composed of the pressure 
generating chamber forming beard 50 and the vibration plate 53 
and a function as an ink supply port forming plate for 
receiving ink supplied frcm the outside. The fixed board 56 is 
alsc provided with cemmunica t ion holes 60 , 61, 62, 63 
■ cc." jr.unicat ing with the pressure generating chambers 51, 52 at 
be: r. ends thereof, and with, ink introducing ports 57, 68 for 
independently supplying ink to two common ink chambers 65 , 65, 
later described. 

Reference numeral 59 designates a common ink chamber 
fcr~ing plate which defines the common ink chambers 55, 66 for 
supplying ink frcm the ink introducing ports 67, 63 to each of 
the pressure generating chambers 51, 52 through the 
ccrr-.unica tien holes 60, 62. The ink chamber forming plate 69 
has one surface sealed by the fixed board 59 and the other 
surface sealed by a nozzle plate 7 C . The nozzle plate 70 is 
prrvicec with two columns of nozzle openings 71, 7 2 which 
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communicate with the respective pressure generating chambers 
51, 52 through communication holes 7 3 , 74 of the common ink 
chamber forming plate 69 and the- communication holes - 61 , 63 of 
the fixed board 59. 

Fig. 6 illustrates one embodiment of a reccrdino head 
for color printing which includes recording heads 80 as 
described above mounted on a common head frame 81. From an ink 
cartridge partitioned into a plurality ci chambers for 
independently storing ink of their assigned colors , ink supply 
channels 83 of ink supply needles 82 to be inserted *- nto 
recording heads 8 C extend toward the reccr: inc heads 80. 

A head frame 81 connected to the ink supply channels 83 
of the ink supply needles 82 for supplying ink to the recordinc 
heads SO is provided with a set of two thrcughhoies 84, 85 such 
that ink can be independently supplied to two ink introducing 
ports 67, 68 of each recording head 80. 

A filter chamber formed by a gradually expanding 
portion is located in a region communicating the ink supply 
channel 83 with the two throughholes 84, 8 5, and a second 
filter plate 86 is placed in the filter chamber. 

rigs. 7(a) and 7(b) illustrate enlarged views of the 
vicinity in which the filter plate 66 is placed. A lower end 
portion -of the ink supply channel 83 is substantially 
hemispherically expanded to form an upper half of the filter 
chamber 87. On the recording head side, a hemispherical recess 
having substantially the same shape as the outer ceriphery of 
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the filter chamber 87 is partitioned into two filter chambers 
89, 90 by a partition 88 having a ridge line 88a passing 
through the central point thereof. The two filter chambers 89, 
90 are connected at their lower ends with throughholes 84, 85 
extending to the recording head 80, respectively. 

The throughholes 84, 85 are positioned such that they 
approach, in the horizontal direction, outside wails 89a, 90a 
at the upper ends of the filter chambers 89, 90. Stagnation is 
prevented from occurring on the outside wails of the filter 
chambers 6=, 90. 

The aforementioned second filter plate 86 is securelv 
sar.cvichec by the ink supply needle 32 and the head frame 3 1 at 
the boundary between the upper filter chamber 3 7 ar.c the lower 
filter chc-bers 89, 90, such that the filter plate 86 is in 
contact with the ridge line 38a. 

According to the embodiment, since the upoer filter 
zha^bsr 37 is substantially hemispherical ly formed to provide 
a large vciume of spacing near the filter plate 35, r~ e 
recording head 80 can be supplied with ink wUhout disturbing 
the ink :l:v; even if bubbles or the like attach to the inner 
••■/ail of the upper filter chamber 87. 

In addition, since the throughholes 84, 35 are arranged 
close tc the outside walls 39, 9 0 at the upper ends of the 
filter chambers 89, 90 in the horizontal direction, stagnation 
likely tc occur in a curved portion is prevented. Aisc, in the 
tenter portion, the conicaily formed partition 33 forces ink to 
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flow along planar walls 88b, so that the recording head 80 can 
be smoothly supplied with ink, of course, without stagnation. 

Figs. 8(a) to 8(c) illustrate channels suitable for 
supplying ink from a single ink supply needle to four common 
ink chambers. An ink supply needle 92 is provided at its lower 
end with a filler chamber 94 smoothly, expanding from an ink 
supply channel 93 in a cococr, shape. Also on the head frame 
sice, a filler chamber 95 is formed in a coccor. shape having a 
narrowed central portion. A second filter place 97 is placed 
on -he boundary between ihese filter chambers 94, 95. 

The l:v;er filter chamber 9 6 communicates with upper 
ends of ihrcuchhcies 100 - 103 fcr supplying ink v;hich are 
formed in alignment with the pes i t i :ns of ink introducing ports 
57, 55 of a recording head 93. Within the throughheies 100 - 
102, the two thrcuchholes 100, 103 located outside are 
positioned r. that their outside v.clls are aligned with the 

well surfaces zi the filter chambers 94, 96. These 
throughheies 1^-1 - 103 communicate with each other through a 
narrow c:::ve ?£a. In addition, unlike the embodiments 

i 1 lu s tra tec ;:. Figs. 5, 7, all of the throughhoies 100 - 103 
communicate in the filter chamber 55 with a fixed spacing 
ensured between the lower surface of the filter 9 7 and the 
respective thrcuchholes 100 - 103. 

Ac::rc;:v: tc the embodiment, ever, if unbalanced suction 
cressure :::u:= recween f cu r ■ z c mmcr. ink chambers when ink is 
succiiec :r: :t the single Ink supply needle 92 tt the four 
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common ink chambers, a uniform pressure prevails in the whole 
filter chamber 96 since all the channels 100 - 103 communica te 
in the lower filter chamber 96 without intervention of the 
filter plate 97. Thus, ink can pass through the whole surface 
of the filter plate 97, and a pressure loss due to the filter 
plate 97 is reduced as much as possible. Furthermore, even if 
bubbles or the like attach to the filter plate 97, it is 
possible to avoid inconveniences such as disabled supply of ink 
to part of the common ink chambers . 



forced in a cocoon shape so as to cover ail the throuchholes 
100 - 103 and provided with large volumes as compared with the 
opening areas of the throuchholes 100 - 103, even if bubbles 
are introduced into the filter chamber 94 formed in the ink 
supply needle 92 and the bubbles inflate therein, the filter 
chamber 94 can absorb the inflating bubbles with the large 
volume to maximally prevent the bubbles from attaching to the 
filter plate 97 . 

Further, since a portion immediately below -;-e ink 
supply needle 92 is narrowed, the threughhoie 100, 102 :n both 
sices can also be supplied with ink in a well balanced manner. 
Furthermore, since the throughhcies 100, 103 on both sides are 
formed such that the outside wails thereof are aligned with the 
end wail surfaces of the upper filter chamber 94, stagnated ink 
ran be eliminated in end portions. 



In addition, since the filter chambers 94, 



9 6 are 



Fur- her , 



since the lower surface of the filter elate 97 
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is not in contact with a partition for branching the respective 
channels 100 - 103, attachment of bubbles to the lower surface 
of the filter plate 97 can be prevented maximallv. 

Figs. 9(a) and 9(b) illustrate another embodiment of a 
structure for independently supplying ink from a single ink 
supply needle to two common ink chambers. An ink char.nel ill 
of an ink supply needle 110 is formed at its lower end with a 
funnel-shaped filter chamber 112 gradually expandinc "ward the. 
recording head side. A head frame 113 is creviced with 
thrcughhoies 114, 115 which communicate with resce:::ve common 
ink chambers of a recording head. The uooer ends of :ne 
thr oughholes 114, 115 are partitioned by a par:::;cr. 115 and 
connec-ec tc filler chambers 117, 113 gradually e:-:candinc 
coward the ink supply needle side, and a second filter elate 
119 is placet to be in contact with the partition 115. 

In this embodiment, ink f lowing from an in!*; cartricce 
into one ink supply needle 110 is ence accumulated in the 
f unnel-sha ted filter chamber 112, passes through ;he filter 
plate 1 1 1 fating the filter chamber 112 to the lower filter 
chambers 11". IIS, and flows into the recordinc head throuch 
the thro ucnncles 114, 115. 

The filter chamber 112 is formed i : ; a funnel shape to 
nave a gradually larger cros s - sec t iona 1 area, and the lower 
filter chambers 117, 118 receiving ink from the filter chamber 
112 are separately defined, so that ink flews thrtucn these 
cna.v'oers without stagnation. In addition, since the 
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plate 119 having a large cross -sectional area is placed on the 
boundary of these filter chambers, a head loss is reduced. 

While in the foregoing embodiment, an inflow port and 
an outflow port are positioned on the same line, the 
throughholes 114, 115 communicating with the recording head may 
be offset from the central axis of the ink supply needle 110 bv 
a fixed amount id in the horizontal direction, as illustrated 
in Fig. 10, to have ink flow down diagonally relative to the 
filter plate 119. In this way, the ink passes through a larger 
area of the filter plate 119 so that a head loss due to the 
filter plate 119 can be reduced. 

Also, in the foregoing embodiment, the lower filter 
chambers are formed. Alternatively, as illustrated in Fig. 11, 
three cr more throughholes 120, 121, 122, 123 may be equally 
offset from the central axis by a fixed amount Ad so as to be 
positioned along the outer periphery of an ink supply needle, 
such that the respective throughholes 120, 121, 122, 123 are 
connected :: individual ink introducing ports of a recordinc 
head, cr they are joined to be connected to a single ink 
introducing cert of a recording head. It will be apparent that 
the latter structure also provides similar actions. 

For accomplishing a further improvement in the qualitv 
or ecler prints produced by an ink-jet printer, the recordinc 
neac 5 may be implemented by such one that is capable of 
independently ejecting ink of five colors including light cyan, 
ceep cyan, _icht magenta, deep magenta, and yei low . it should 
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be noted that since yellow is essentially a light color and the 
provision of two different types of yellow color, i.e., light 
and deep would not result in remarkable effects, only deep 
veliow is generally used. 

Correspondingly, a head frame 122 on which a recording head 130 of the type 
mentioned above is fixed is provided with a cartridge holder 123 which carries an ink 
cartridge 7 (Figs. 12(a), 12(b), 15(a) and 15(b)) having storage chambers CI, C2, Ml, 
M2. Y for storing ink of the five difference colors, respectively. 



125 i s =rr = r.:e: : :r oivctal r?.z verr.enc abou: shaf~s 114. Vvhen a r. 
i r. k car:r:::e ~ is cropped Lr.zz a cartridge chamber 125 and the 
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head frame 122 at alternate heights so that the positions of 
adjacent tips 131a, 132a, 133a, 134a, 135a are offset by a 
height difference AH. 



162, 163, 164, 165 aligned on the same straight line L2 which 
are capable of independently receiving ink of corresponding 
colors supplied thereto. The recording head 130 is fixed on 
the head frame 122 such that the straight line 12 is offset by 
a slight distance AL from the straight line LI or. which the ink 
supply needles 131, 132, 133, 134, 135 are aligned. 

The head frar/.e 122 is provided with throughhoies 171, 
1 7 2, 1 7 3, 1 74, 1 7 5 from positions oppcsi.e ;:■ the ink 
:r.::ccu::n: ports 1 5 1, 1 5 2, 15 3, 154, 1 6 5 of the recording head 
12C so as zd ensure a length AL or more extending horizontally 
in parallel with the ink supply needles 1 31 , 1 3 2, 1 3 3, 1 34 , 
135. ~cr examDie, taking the ink introducing pert 143 as an 
exar.pl e the channel frcn the ink supply needle 123 to the 
thrcughhole 1~2 extends substantially in the horizontal 
direction , - hswever directs slightly dev/nwarciy tcv/arc the ink 
ir.t rccucir.: ocrt 15 2, and is connected to the ink introducing 
pert 152 t r roue h a hcritcntal filter chamber 182 having a v;idth 
substantiallv ecual to the diameter of the ink supply needle 
122, as -illustrated in Figs. 14(a) and 14(b). 

In respective filter chambers 181, 132, 132, 1S4, 135, 
sec;-: filler plates 121, 1? 2, 1 9 2 , 1 9 4, 1 9 5 are securely 
sar.c-.vi thed between the head frame 122 and the ink supply 



The recording head 130 has ink introducing ports 161, 
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needles 131 , 132, 133 , 134, 135 , respectively, to extend in the 
horizontal direction . 

In the embodiment, when an ink cartridge 7 is inserted 
into a cartridge chamber 126 and a lid 125 is pivoted 
downwardly, the ink cartridge 7 is lowered so that the ink 
supply ports 151, 153, 155 come into contact with the ink 
supply needles 131, 133, 135, the tips of which protrude by -;H 
from the ink supply needles 132, 134 (Fig. 15(a)). 

When the lid 125 is further pivoted downwardly from the 
state mentioned above to push the ink cartridge 7 into the 
cartridge chancer 125, the ink supply needles 131, 133, 135 
only are inserted into the ink supply ports 151, 153, 155 of 
the ink cartridge 7. Then, the ink supply . needles 132, 134 
positioned lower than the ink supply needles 1 31, 1 33 , 1 35 come 
into contact with the ink supply ports 152, 154, respectively 
(Fig. 15(b) } . 

In the stated illustrated in Fig. 13(b), since the ink 
supply needles 131, 132, 135 have already been inserted in the 
ink supply per:- 15 1 , 1 5 3, 1 55, respectively, so that a 
relatively srr.all force is only required tc insert ail the ink 
supply needles 121 - 135 into the ink supply ports 151 - 155. 

With the ink cartridge 7 mounted or. the recording head 
130, when the recording head 130 is sealed by a cap 10 and a 
negative pressure is applied to nettle openings of the 
recording head 150, ink stereo in the respective storage 
chambers CI, C2, Ml . Ml, V cf the ink cartridge 7 flows from 
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the ink supply needles 131 - 135 into the recording head 130 
through the filter chambers 181 - 185. 

The channels connecting the ink cartridge 7 to the 
recording head 130 are partially constituted of the horizontal 
filter chambers 181 - 185 which extend substantial!;/ in the 
horizontal direction and have a width substantially equal to 
the diameter of the ink supply needles 131 - 135, and the 
filter plates 191 - 195 are placed in the respective filter 
chambers 1S1 - 185 so as to diagonally traverse the ink 
channels, so that the cross-sectional area of the filter elates 
191 - 195 can be mace large as compared v/ith the cross- 
sectional area of the channels, whereby a stagnated ink fiov; 
can be eliminated in the channels and the channel resistance 
can be reduced, thereby making it possible to promptly remove 
bubbles and smoothly supply ink to the recording head 130. 

In the embodiments as described above, the 

channel resistance can be made as uniform as possible even if 
variations are present in the lengths of the channels 
connecting the. ink supply needles 131 - 135 to the - ink 
introducing ports 151 - 155 cf the recording head 130, thereby 
making it possible to increase the freedom in designing the 
recording head and the ink cartridge, i.e., providing a reduced 
size of tne recording head, a larger ink cartridge, and so on. 

Fig. 16 illustrates another embodiment cf the present 
invention in a channel, taken as an example, wherein a filter 
cha-.oer 151 communicating an ink supply needle 133 with a 
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throughhole 163 formed in the head frame 1 22 has an upper wall 
183a above a filter plate 193 inclined upwardly toward the ink 
supply needle 133 and is partitioned into upper and lower 
spaces by the filter plate 193 such that the volume of the 
upper space above the filter plate 193 is larger than the 
volume of the lower space under the same. 

According to this embodiment, even if a bubble B having 
introduced into the ink supply needle 133, for example, curing 
exchanging a cartridge, is expanded due to a temperature rise 
or :he like, the bubble 5 can be held above the filter plate 
1?1 a r.z moved upwardly along the inclined wail 1 S 3 e c f "he 
filter chamber 133, thereby preventing :he bubble 5 from 
attaching to the filler plate 83. 

It will be apparent that while the foregoing 
err.ccci~er.ts are structured such that the ink cartridge is 
removed by moving it in the vertical direction, similar actions 
car. also be made when the present invention is applied to a 
structure ir. which the ink cartridge is removed by moving it in 
the hor;:c":ci direction. 

It will be also apparent that while the foregcinc 
embodiments have beer, described in connection with a recording 
head using a single cartridge for storing ink of five colors, 
zy ::~y z i example, similar actions can aisc be made when the 
present invention is applied to a recording head using a 
':i:::ic:e fcr storing ink of six colors or separate cartridges 
:cr independently storing ink of three light colors and ink of 
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three deep colors, respectively. 

It will be further apparent that while the foregoing 
embodiments have been described in connection with a recording 
head fixed on a cartridge, by way of example, similar actions 
can also be made when the present invention is applied to an 
add-on type which has a cartridge holder removably mounted on 
a carriage and t recording head arranged in the cartridge 
holder . 

In -he present invention as described above, a 
horizontal ly inclined filter chamber is formed in part of an 
ink supply channel having one end connected to an ink supoiv 
source and the other end connected to an ink- jet recording head 
and provided wLz'r. a filter plate in the middle thereof, and the 
: - ::2r plate is placed to obliquely traverse the filter 
chamber, s: that ink can flow substantially uniformly over the 
whole cross-secticnai area of the ink channel. It is therefore 
possible t_ prevent bubbles from stagnating in the channel, 
increase an effective area of the filter plate to reduce the 
cnar.ne. resistance, and accordingly decrease a head loss. 

As an alternative to and/or in addition to the ink supply needles 131, 132. 133, 
134. 135 being at different heights, the same advantage could be achieved by configuring 
the ink supply pans 151. 152. 153. 154, 155 such that engagement of all the needles 
with all the parts does not occur simultaneously, so that less force is required to connect 
the ink cartridge. 
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CLAIMS 

1. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having at least one channel formed therein, the channel comprising a 
first portion accommodating a filter layer, and second and third portions for allowing ink 
to flow between said first portion and the ink-jet recording head and the first portion and 
the ink cartridge respectively, the arrangement being such that the area of said filter layer 
is greater than the cross-sectional area of said second and/or third portions. 

2. A coupling member according to claim 1, wherein the niter layer extends 
obliquely across said channel. 

3. A coupling member according to claim 1 or 2. wherein said second and third 
portions are substantially parallel and axially misaligned, said first portion is inclined 
relative thereto, and the filter layer extends across said first portion in a direction 
substantially perpendicular to the axes of the second and third portions. 

4. A coupling member according to claim 1. wherein said first portion comprises an 
upper filter chamber connected to said third portion and gradually expanding toward the 
ink-jet recording side, and a plurality of lower filter chambers each gradually expanding 
toward said ink cartridge side and formed under said upper filter chamber; and wherein 
said second portion comprises a plurality of throughholes for connecting said lower filter 
chamber to said ink-jet recording head, and said filter layer is positioned between said 
upper filter chamber and said lower filter chamber. 



\ 
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5. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having a body with a plurality of ink supply channels formed therein, 
each of said channels terminating at one end thereof in an ink supply needle formed on 
said body, the ink supply needles, in use. engaging with supply ports of the ink cartridge 
to supply ink to the recording head, wherein the ink supply needles are arranged such 
that the resistance which occurs when each needle engages each supply port occurs at 
different times for different ones of the needles. 

6. An ink-jet recording apparatus comprising: 

an ink-jet recording head for ejecting ink; 

an ink supply cartridge having a plurality of ink supply ports: 

a coupling member for coupling the ink-jet recording head to the ink supply 
cartridge, the coupling member having a body with a plurality of ink supply channels 
formed therein, each of said channels terminating at one end thereof in an ink supply 
needle formed on said body, the ink supply needles, in use. engaging the ink supply 
ports of the ink cartridge to suply ink to the recording head, 

wherein the ink supply needles and/or the ink supply ports are arranged to 
cooperate such that the resistance with occurs when each needle engages each supply port 
occurs at different limes for different ones of the needles. 
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7. An ink-jet recording apparatus comprising: 

an ink-jet recording head for ejecting the ink; 

an ink supply channel connecting an ink cartridge for 
storing ink and said ink-jet recording head, said ink supply 
channel having a portion inclined in relation to the horizontal 
direction formed in said ink supply channel; and 

a filler plate placed so as to diagonally traverse said 
inclined portion . 

8. An ink-jet recording apparatus comprising: 
an ink-jet recording head for ejecting the ink; 
an in!-: supply channel connected to an ink cartridge for 
storing ink; 

an upper filter chamber connected to said ink supplv 
channel and gradually expanding toward said ink- jet recording 
head sice; 

a plurality of lower filter chambers each gradually 
expanding tov.arc sail ink cartridge side and formed under said 
uccer filter chamber; 

a plurality of thrcughholes connecting to sale lower 
filter chamber anc said ink-jet recording head; and 

a filter plate placed between said upper filter chamber 
and said lower chambers. 



9- The ink-jet recording apparatus according claim 
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8, wherein said lower filter chambers are offset relative to 
said upper filter chamber in the horizontal direction. 

10. The ink- jet recording apparatus according to any of 
one of claims 8 or 9, wherein said ink-jet recording head 
includes common ink chambers and ink introducing ports formed 
in said each common ink chambers, and said throuchholes are 
connected to said each ink supply ports . 

11. The ink- jet recording apparatus accorcir.g to claim 
8 further comprising a partition separating said lower filter 
chambers, said partition having a triangular pyramidal cross - 
section and a tic of said partition being contacted with the 
filter plate. 

12 . The ink-jet recording apparatus according to claim 
8, wherein said plurality, of lower filter chambers conmumcacs 
with earn other below said filter plate. 

13. The ink-jet recording apparatus according to claim 
8, wherein said thr oughhoies communicating with sale plurality 
of lower filter chambers are positioned as close as possible tc 
vertical lines extending from wall surfaces of said upper 
filter chamber. 

14- The ink- jet recording apparatus according to claim 
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7 , wherein said filter plate is formed of a sintered unwoven 
fabric made of metal fibers having a high void ratio and a 
small mesh size. 

15. An ink- jet recording apparatus comprising: 
an ink-jet recording head for ejecting the ink of a 
plurality of colors; and 

a plurality of ink supply needles engaging with ink 
supply por ~ s of an ink cartridge for storing ink of a plurality 
of, colors ' t o supply ink to said recording head, adjacent ones 
of sale ink supply needles being arranged tc have a height 
difference therebetween . 

16. The ink- jet recording apparatus according tc clairr- 
15, v/herein said ink supply needles has five needles and said 

ink has five colors including light cyan, deep cyan, light 
magenta, deep magenta and yellow, and the tips of the central 
ink supply needle and of the ink supply needles cn both sices 
protrude a fixed length relative to the tips c: the rerr.a ir.inc 
ink supply needles. 

17. The ink-jet recording apparatus according to ciai~ 
1 6, v/h = rein said ink - j e _ recording head has ink introducing 
ports, said ink supply needles and said ink introducing ports 
are aligned on first and second straight lines, respectively, 
the firs- and second straight lines are spaced by a distance 
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larger than the diameter of said ink supply needles in the horizontal direction, said ink 
supply needles and said ink introducing ports are respectively connected by channels 
each extending substantially in the horizontal direction and having a width substantially 
equal to the diameter of said ink supply needle, and filters are horizontally placed in said 
channels. 

18. The ink-jet recording apparatus according to claim 7, wherein said channel is 
partitioned by said filter plate such that the upper portion thereof has a larger volume 
than the lower portion thereof. 

19. The ink-jet recording apparatus according to claim 16, wherein an internal upper 
surface of said channel is inclined upwardly toward said ink supply needle side. 

20. The ink-jet recording apparatus according to claim 7, further comprising another 
filter plate which is placed between said ink cartridge and said ink supply channel. 
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21. An ink-jei recording apparatus substantially as hereinbefore described with 
reference to and/or as illustrated in any one of and/or any combination of the 
accompanying drawings. 

22. A coupling member for coupling an ink-jet recording head to an ink cartridge 
substantially as hereinbefore described with reference to and/or as illustrated in any one 
of and/or any combination of the accompanying drawings. 



L 
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Amendments to the claims have been filed as follows 

1. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having at least one channel formed therein, the channel comprising a 
first portion accommodating a filter layer, and second and third portions for allowing ink 
to flow between said first portion and the ink-jet recording head and the first portion and 
the ink cartridge respectively, the arrangement being such that the area of said filter layer 
is greater than the cross-sectional area of said second and/or third portions. 

2. A coupling member according to claim i. wherein :!ie filter layer extends 
obliquely across said channel. 

3. A coupling member according to claim ! or 2. wherein said second and (hird 
portions are substantially parallel and axially misaligned, said first portion is inclined 
relative thereto, and ;he filter layer extends across said first portion in a direction 
substantially perpendicular to the axes of the second and third portions. 

4. a coupling member according to claim i. wherein said first portion comprises an 
upper filter chamber connected to said third portion and gradually expanding toward :ivj 
ink-jei recording side, and a plurality of lower filter chambers each gradually expanding 
toward said ink cartridge side and formed under said upper filter chamber; and wherein 
said second portion comprises a plurality of throughholes for connecting said lower filter 
chamber to said ink-jet recording head, and said filter layer is positioned between said 
upper filter chamber and said lower filter chamber. 
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5. A coupling member for coupling an ink-jet recording head ;o an ink cartridge, the 
coupling member having a body with a plurality or* ink supply channels formed therein, 
each of said channels terminating at one end thereof in an ink supply needle formed on 
said body, the ink suppiy needles, in use. engaging with supply pons of the ink cartridge 
to supply ink 10 ;he recording head, wherein the ink suppiy needles are arranged such 
that the resistance which occurs when each needle engages each supply port occurs at 
different :imes for differe:*.: ::nes of :he needles. 

o. An mk-iet recording apparatus comprising: 
an mk-jei recording head for ejecting :nk: 

^n ;nk supph jartricge having a plurality of ink suppiv -jor*.s: 

a joupimg member for coupling the mx- ; e; recording head :o -he ink supply 
cartridge. ;he coupling member having a body with a plurality of .nk supply channels 
formed therein, each of said channels terminating at one end thereof in an ink suppiy 
needle formed on said body. the ink suppiy needles, in :se. enea^ing die ink suppiy 
port.s of the ink eanr.dge to supiy ink to ;he recording head. 

wherein the ink -uppiy needles and/or ;he ink suppiy pons are arranged to 
cooperate such that me resistance with occurs wiien each needle engages each supply port 
oecurs at diliercm times i v » i -.linercm ones of the needles. 
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8, wherein said lower filler chamber 



s are offset relative to 



said uooer filter chamber L:\ 
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7, wherein said filter plate is formed of a sintered unwoven 
fabric mace of metal fibers ha vine a high void ratio and a 
small mesh size. 

15. An ink- jet recording apparatus comprising: 
an i n k - i e t recording head for ejecting the ink of a 



a plurality of ink supply needles encaging 
certs cf an ink cartridge for storing ink c: a 
:rs -o sucoiv ink to said recording head, ad}a 



a n e i 



i ?. t v.ne r ~ i n sa:: i n .-; supp:; 



needles has 



icies anc 



orcj.ng apparatus acc: 
recordinc head has i 
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21. An ink-jet recording apparatus substantially as hereinbefore described with 
reference to and/or as illustrated in any one of and/or any combination of the 
accompanying drawings. 

22. A coupling member for coupling an ink-jet recording head to an ink cartridge 
substantially as hereinbefore described with reference to and/or as illustrated in any one 
of and/or any combination of the accompanying drawings. 

23. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having ai least one channel formed therein, the channel comprising a 
first portion accommodating a filter layer, and second and third portions for allowing ink 
to flow between said first portion and the ink-jet recording head and the first portion and 
the ink cartridge respectively, wherein: 

the second portion comprises at least one throughole; 

the first portion comprises an upper filter chamber connected to the third portion 
and at least one lower filter chamber connected to a respective throughole; 

the third portion and the at least one throughole are substantially parallel and 
axially misaligned and the at least one lower filter chamber is inclined in relation thereto; 
and 

the filter layer is positioned between the upper filter chamber and lower filter 
chamber, such that the area of said filter layer is greater than the cross-sectional area of 
said second and/or third portions. 



L 
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24. A coupling member as claimed in claim 23, comprising one throughole and 
respective lower filter chamber, and wherein the cross-sectional area of the third portion, 
the upper filter portion, the throughole and the lower filter chamber are substantially 
equal. 

25. A coupling member as claimed in claim 23, comprising a plurality of througholes 
and respective lower filter chambers, wherein the upper filter chamber gradually expands 
toward the ink-jet recording side, and the plurality of lower filter chambers each 
gradually expand towards said ink cartridge side. 

26. A coupling member as claimed in any of claims 23 to 25 further comprising a 
partition separating said lower filter chambers, said partition having a triangular 
pyramidal cross-section and a tip of said partition being contacted with the filter layer. 

27. A coupling member as claimed in any of claims 23 to 25, wherein said plurality 
of lower filter chambers communicate with each other below said filter layer. 

28. A coupling member as claimed in any of claims 23 to 25, wherein said 
througholes communicating with said plurality of lower filter chambers are positioned as 
close as possible to vertical lines extending from wall surfaces of said upper filter 
chamber. 

29. A coupling member as claimed in any of claims 23 to 25, wherein said filter layer 
is formed of a sintered unwoven fabric made of metal fibers having a high void ratio and 
a small mesh size. 
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30. An ink-jet recording apparatus comprising: 
an ink-jet recording head for ejecting ink; 

an ink supply cartridge having a plurality of ink supply ports; and 
a coupling member as claimed in any preceding claim. 
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